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Light is one of the most important environmental stimuli 
in the life of higher plants. Light is used not only as the 
source of energy for photosynthesis but also as an environ- 
mental signal for plant growth and development. To perceive 
the ever-changing spatial direction, quantity, and quality of 
light, higher plants developed several photoreceptors, among 
which the best studied and characterized is phytochrome. 
This unique plant chromoprotein exists as a dimer of two 
polypeptides of approximately 120 kD, each with a covalently 
attached linear tetrapyrrol chromophore (Vierstra et al., 
1984). 
The phytochrome molecule is synthesized as the physio- 
logically inactive Pr form. The Pr form can be converted by 
red illumination (L,,, 660-670 nm) to the active Pfr form, 
which can be returned to the inactive Pr form by a subsequent 
far-red illumination (I!,,,, 730 nm). This photo-induced inter- 
convertibility enables phytochrome to act as a cellular switch 
that controls signal transduction chains, culminating in dif- 
ferent molecular and physiological responses; for a review 
see Furuya (1989). 
There is evidence that plants contain more than one type 
of phytochrome (Tokuhisa et al., 1985). These different phy- 
tochrome polypeptides (called types A, B, C, and E) are 
encoded by a group of related but divergent pky genes 
(Sharrock and Quail, 1989). We are interested in character- 
izing the phytochrome system in tobacco (Nicotiana tabacum), 
which is widely used as a transgenic organism, to study light- 
regulated reactions in higher plants. As a first step toward 
this goal we isolated several cDNA and genomic clones 
encoding the type A phytochrome of N. tabacum. 
Here we report the nucleotide and deduced amino acid 
sequences of the tobacco Nt-Pky-A2 gene (Table I). The 
deduced protein shows 76, 83, and 92% identity with the 
Table 1. Characteristics of Nt-Phy-A 1 genomic clone 
Organ ism : 
Source: 
Method of Identification: 
Nicotiana tabacum L. var N K  326. 
Cenomic library in EMBL3 vector (purchased from Stratagene). 
The genomic library was screened with radiolabeled fragments 
of a 3200-bp cDNA. This cDNA clone was identified by screen- 
ing a tobacco seedling cDNA library with a synthetic 60-mer 
oligonucleotide as probe. (This sequence spans the chromo- 
phore-binding region of the oat phytochrome cDNA clone, 
AP3, coding for type A phytochrome; Hershey et al., 1988.) 
Other techniques included restriction enzyme mapping, se- 
quencing both strands of the subcloned fragments by dideoxy 
chain termination method (Sanger et al., 1977), and computer 
analysis. 
Features of Gene Structure: 
This clone contains a 960-bp 5’-untranslated region, a 4263-bp 
coding region, and a 71 7-bp 3’-untranslated region. The gene 
is interrupted by four introns, bounded by intron/exon splice 
junctions consistent with the consensus sequence (Brown, 
1986) for such junctions. T h e  size of the deduced Nt-Phy-AI 
(4488 nucleotides) shows good correlation with the Nt-Phy-A I 
transcript (4500 nucleotides) detected on northern blots. 
Codon Usage: 
(G+C) Content: 
Structural Features of Protein: 
The start codon is ATC. Codons not present: TAC, TAA. 
44. 37% in the coding region. 
The deduced protein contains 11 25 amino acids and shows high 
(76-92%) similarity to type A phytochrome characterized in 
other plant species. 
Antibodies: 
Not available. Cross-reaction is expected with antibodies raised 
against pea and oat type A phytochrome (Furuya, 1989). 
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type A phytochrome of Arabidopsis thaliana, pea, and potato, 
respectively (Tomizawa et al., 1986; Sharrock and Quail, 
1989; Heyer and Gatz, 1992). Because N. tabacum is an 
allotetraploid species, its genome is assumed to contain at 
least two genes encoding type A phytochrome. We note that 
we have also isolated another type of tobacco genomic and 
cDNA clones that clearly encode type A phytochrome. One 
of these clones, designated Nt-Pky-A2, has been partially 
characterized. The 5’ region of the Nt-Pky-AZ clone that - 
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spans the 5'-untranslated leader and the first intron shows 
89% homology with the corresponding region of the Nt-Phy- 
A1 gene. These data, together with the results of Southern 
hybridization experiments and the sequence analysis of the 
isolated cDNA clones, clearly show that the N. tabacum 
genome contains two genes encoding type A phytochrome. 
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